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The past decade has seen an incredibly rapid proliferation of microcomputers
in both elementary and secondary schools. For example, between 1981 and 1984 the
number of schools with microcomputers more than tripled (Quality Education Data,
1984). By 1985 almost all secondary schools and five-sixths of all elementary
schools in the U.S. had at least some computers for use in instruction (Becker,
1986) and the trend toward the continuing acquisition of computers has continued.
Current estimates are that more than two billion dollars have been spent to
provide schools in the U.S. with computer technology in a period when school
systems are under heavy pressure to spend their limited resources on numerous
other things, including increased salaries for teachers. (Buckley, 1988).

Although the remarkable rapidity with which microcomputers are being placed
in schools is obvious, the impact of this change on teachers and students is not.
In fact, our knowledge of the way in which this change influences classroom
structure and functioning is extremely limited (Sheingold, Kane, & Endreweit,
1983; Sheingold, Martin, & Endreweit, 1987) and some studies suggest that the
impact of educational software can be quite different from that which its
developers intended (Hativa, Swisa, & Lesgold, 1989). Thus we decided to conduct
an intensive qualitative study examining a wide variety of computer usage in a
single school. Such an approach allows exploration of the extent to which
different kinds of computer usage have similar or different effects as well as
analysis of what the impact of any particular usage may be.

The goal of the part of the study reported here was to explore the impact
of one unusual but potentially very important usage of microcomputers -- their
utilization as intelligent tutors -- on classroom structure and functioning.
Ideally, intelligent computer-based tutors can follow what a student is trying

to do, diagnose the difficulties the student is experiencing, and present




instruction relevant to those difficulties, providing individually-tailored
learning experiences which proceed at a pace determined by the student’s
capabilities (Anderson, 1984). Thus, perhaps more than any other presently
envisioned use of microcomputers, their use as intelligent tutors holds the
promise of improving schooling as we know it today. The cost of the development
of such software is high and some of it currently requires expensive hardware
to operate. However, there is reason to believe that within the relatively near
future the cost of artificially-intelligent tutors for educational purposes will
no longer be prohibitive (Lesgold & Lesgold, 1984). Thus, the study of
intelligent tutoring is the study of an innovation which is close to being a
practical reality from a technical and a fiscal perspective, as well as being
a potentially revolutionary change from an educational perspective.

It is important to recognize, however, that effective usage of artificially-
intelligent tutors may well produce or require substantial changes in both
teachers’ and students’ behavior. For example, effective use of intelligent
tutors is likely to require greater role change on the teachers’ part than the
use of traditional drill and practice applications in which computers are often
used as sophisticated electronic workbooks and thus fit much more readily into
established classroom roles and routines. Unfortunately, at this point in time,
we know little about what these changes might be. Given the rapidity with which
computers are becoming commonplace in American schools, such knowledge seems
important for two reasons. First, it may be belpful to those attempting to
prepare teachers to use computers in their clas: - ws in a maximally effective
way. Second, it may identify unintended side effects of computer usage so that
educators can decide if and how to use computers with more complete knowledge

of the full ramifications of their decisions.




Research Site and Methods

Data-gathering took place during a two-year period (1985-87) in a large
urban high school which serves approximately 1,300 students from varied
socioeconomic backgrounds. Approximately 55% of the students were black, 40% were
white, and 5% were from other, primarily Asian, backgrounds. The two ma jor
methods of data-gathering utilized were intensive qualitative classroom
observations and repeated interviews with students and teachers.

A team of three trained researchers observed all geometry rlasses taught
by the two teachers utilizing a sophisticated state-of-the-art artificially
intelligent geometry-proofs tutor, called the GPTutor. This tutor has been
described in detail elsewhere (Anderson, Boyle, & Yost, 1985, 1986; Wertheimer,
1988), so we will just discuss it briefly here. The GPTutor software consists
of three parts. The first is an expert system which contains the knowledge
necessary for constructing geometry proofs. The second is the tutor which
includes information used to teach the students, such as tutoring strategies and
messages about student errors. The third part of this software is the interface
which allows students to communicate with the computer using either a keyboard
or a mouse. The givens of the proof are presented to the student at the bottom
of the screen and the statement to be proved appears at the top, along with a
diagram of the problem. The student’s job is to create a "proof graph" which
shows how the givens can yield the statement to be proved (Wertheimer, in press).
Various help and review functions are available, either at the student’s own
request or when enough mistakes have been made that the tutor unilaterally
intervenes with help. Due to the underlying philosophy and goals of its
developers, the GPTutor was purposely constructed to interact in a business-like

way with the students. Thus it lacks the game-like or "humanizing" elements of




many pieces of educational software, although it does indicate success on a proof
with a sound as well as a screen message.

Observations were made before, during, and after the part of the year in
which the tutors were used in a total of seven different classes. Three
"control" geometry classes taught in a traditional manner by the two teachers
using the computer-tutors were also observed. In addition, several comparison
classes taught by two other geometry teachers were observed. The classes using
the computer-tutors ranged markedly in size. Some were small erough so that each
student had his or her own computer to work on. Alternatively, students worked
in pairs on the ten available machines. The computer-tutors were observed in
use for roughly 100 hours. Similarly, over 100 hours of observation were
conducted in the control and comparison classes.

Observations were conducted using the "full field note"” method of data
collection (Olson, 1976) which involves taking extensive handwritten notes during
the events being observed. Shortly thereafter these notes were taped and
transcribed. Field notes were made as factual and as concretely descriptive as
possible to avoid unwarranted inferences. However, one major issue with the use
of such notes as a data base is what Smith and Geoffrey (1968) have termed the
"two-realities problem” -- the fact that the notes as recorded cannot possibly
include everything that has actually transpired. Hence, a source of potential
bias is the possibility of selective recording of certain types of events.
Although this problem is impossible to surmount completely in qualitative
observation, there are some steps that can be taken to minimize its effects. For
example, we found it useful to have two researchers observe the same classroom.
Discussion of differences between the two observers’ notes helped to make the

observers aware of their individual biases and preconceptions. Another technique




we found useful in reducing the effect of the two-realities problem was to
actively seek out data that undercut our developing assessment of a situation.
In addition, numerous other techniques discussed in works on qualitative research
in educational settings (Bogdan & Biklen, 1982; Bogdan & Taylor, 1975; Goetz &
LeCompte, 1984; Kirk & Miller, 1986; Schofield, in press; Schofield & Anderson,
1987) were utilized in a systematic attempt to provide as unbiased, reliable,
and representative a view of what actually occurred in those classrooms as
possible given the qualitative and exploratory nature of the study.

The second major data-gathering technique employed in this study was
repeated interviewing of students and teachers. All of the students in the
classes using the GPTutor were invited to participate in "pre" and "post" use
interviews. Over 90% of these students and 82% of a group of control students
randomly selected from other geometry classes actually participated in the
interviews. These 45 minute structured open-ended interviews were taped and
transcribed. Both formal and informal interviews with the two teachers using the
computer-tutors, Mr. Adams and Mr. Brice', and the teachers of the comparison
classes were conducted throughout the conrse of the research. To get yet an
additional perspective on the computer-tutors, interviews were also conducted
with numerous individuals closely connected with the development of the tutor
and its field test in the school setting, including the project leaders,
programmers, and the individual whose job was to oversee the field testing
itself. In constructing and conducting these interviews strong efforts were made
to procure valid and unbiased data. For example, questions were posed in a
balanced manner so that leading questions were avoided, students were assured
that their teachers would not have access to their interview transcripts, and

the like.




Although observation and interviews were the primary data-gathering
techniques utilized, other techniques were employed when appropriate. For
example, archival material such as letters sent to parents about the computer-
tutor, internal school memoranda and announcements, and copies of the student
newspaper were collected and analyzed.

Data Analysis

Briefly describing data analysis procedures in qualitative research is
extremely difficult since the process is so complex and iterative. To summarize,
observational notes were coded as described in sources like Miles and Huberman
(1984) and Strauss (1987). This involves carefully reviewing field notes as they
are collected, creating coding categories of various types, developing and
refining coding systems, writing working memos, and then searching for ways to
refute or enrich the ideas developing from the preceding process. Interviews were
analyzed using traditional content analysis procedures.

Three general principles guided both the data-gathering and the data
analysis phases of the research. First, a concerted effort was made to be as
rigorous and systematic as possible. For example, sampling techniques were
employed where appropriate; trained coders coded the open-ended interviews using
reliable systems developed for this research; field notes were carefully indexed
so that all notes relevant to a given topic could be examined, etc.

Second, we took very seriously the importance of triangulating the data
(Webb, Campbell, Schwartz & Sechrest 1966). That is, great care was taken to
gather many different types of information bearing on the same issue, to minimize
the potential problems with each data source, and to be sensitive in analyzing
and interpreting the data to biases which could not be completely eliminated.

The third general principle which we took very seriously -was that data




analysis should be an on-going and iterative process. As the field notes and
other data accumulated, they were indexed, read and reread. Informal working
memos were written, and data relevant to ideas emerging from the early stages
of analysis were actively sought in planned and systematic ways.
Findings

Utilization of the GPTutor appeared to result in a number of important
changes in both teachers’ and students’ behavior. Three changes appeared most
marked in the teachers’ behavior. These included a change in the relative amount
of attention given to different kinds of students, an increase in the extent to
which the teacher functioned as a collaborator with the students rather than as
a more distant authority figure, and a change in grading practices. There were
also a number of important changes in students’ behavior, most notably increases
in task-directed effort and peer competition.

a i e s’ v
c tenti devot t

students. The introduction of the computer-tutors appeared to change the relative
amount of attention given to students of different ability levels. More
specifically, it increased the amount of time devoted to those having problems.
Before the arrival of the tutors, and in the control and comparison classes,
teachers often had students work through geometry problems and proofs on the
board. Another commonly used teaching method was to work through problems by
having students who were seated volunteer answers to the teacher's questions.
Not surprisingly, in these situations teachers tended to call disproportionately
on the more advanced students, as previous research has suggested is often the
case (Bossert, 1979). This saved considerable time, raised the probability of

a correct answer, and saved the poorer students the embarrassment of public




mistakes. The problems posed by waiting for a slower student to supply an answer
which other students have already figured out are made clear in the following
excerpt from the field notes from a geometry class in which two able students
challenge the fairness of Mr. Adam’s usual behavior.

The teacher says, "Ready? Okay, What's the answer?..." Tim answers

the question correctly. Mr. Adams says to Tim, "You get the extra

credit!"...Ida says heatedly, "That's unfair! You always call on Tim

for extra credit!...His hand was up first, but he gets all the

credit." Allie chimes in complaining too. Mr. Adams doesn’'t answer

the complaints directly. Instead he assigns another extra credit

problem and says, "Ida will choose who answers this time." Allie and

Pete finish first. They have their hands up. Mr. Adams says, "Okay.

Choose." Ida replies..."I want to call on one of those,” pointing over

to Debbie and Katy, clearly the two slowest students in the class.

Both of these girls have their heads bent over their papers, still

working. Debbie says to Mr. Adams, "Can I ask a question?" He answers

it. She continues to work... Ida says, "Are you ready Katy?" (She is

not.) Mr. Adams says "The bell is going to ring any minute and no one

will get the credit...Time is going." Ida walks up to the front of the

room where Mr. Adams stands, Mr. Adams says, in a loud voice close to

a shout, "WOULD YOU PLEASE CALL ON SOMEONE SO I CAN GIVE THE CREDIT

OUT!" Ida hesitates and calls on Debbie. Debbie gets 7 angles right,

but the 8th (the most difficult which was the real point of the

example) is wrong. Pete volunteers the correct answer. Mr. Adams lets

him show the class how he got to his answer saying "This is the one

you all missed, so I want you to watch..." As the class files out (but
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is still within earshot) Mr. Adams says in a very biting tone to Ida,

"A wonderful teacher you’d make!" Ida defends herself saying heatedly,

"Sometimes it’s not having the right answer. It’s having a chance. If

you give her a chance..."” Mr. Adams interrupts saying, "Here are

people having difficulty. You...focus all the attention on them. Isn’t

that embarrassing. It puts them in a corner." Ida says, "Okay; Okay.

But why don’t you even call on them?" Mr. Adams replies, "You need to

learn something about people. They get it wrong. They make bad

subtraction errors."

When using the computer tutor, in contrast, the slower students often
received considerably more attention than the brighter ones. Mr. Adam's comments
in an interview suggest that he was well aware of this change.

Interviewer: Have you noticed that (when using the computer-tutors)

you’'re giving (more) attention to certain sorts of students versus

other ones? Or does it pretty well even out?

Mr. Adams: No, I would say in general I give much more help to

students that are much slower and need the help....I'm giving more

help to them than I ever was able to in the past... A lot more

time. .. (The computer) frees you up for individualized

attention...knowing that the rest of the class is doing something
constructive.
Such attention was not likely to be embarrassing because students working on
their computers were often unaware of exactly with whom the teacher was working.
In addition, as Mr. Adams pointed out, since the GPTutor provided a substantial
amount of help, the teacher’s working with the slower students did not impede

the rest of the students as much as it would under a more traditional whole
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class method of instruction since the remainder of the class could continue to
work uninterrupted.

A _shift in the teachers’ xole towards becoming a collaborator. A second
shift in the teachers’ role behavior was also apparent in the computer-tutor
classrooms. Specifically, the teachers’ functioned less as an authoritative
expert and more as a collaborator than they had previously. This shift was
beautifully captured by the words of one student who was asked in an interview
about whether using the computer-tutor had changed his teacher’'s behavior. He
replied, "He doesn’t teach us any more. He just helps us."

What is this Jistinction between teaching and helping? The teaching role
as it often appears to be defined in high school consists of vather formally
imparting a body of facts to less knowledgeable individuals through lectures,
structured class discussions, and problem solving. The teacher’s separate and
superior status is well symbolized by his or her physical position -- typically
standing above and in front of students who are expected to be watching or
listening carefully. In the control and comparison classrooms the teacher’s
authoritative position was made clear by the common practice of calling upon
students to answer questions or work problems at the board. In doing this the
teachers exercised control over the class not only by choosing between students
who indicated a desire to participate but also, less commonly, by calling on
students who would have preferred not to become the focus of the classes’
attention.

In contrast, in the computer-tutor classes, as in many of the other classes
we observed in which computers were used a great deal, the teacher functioned
more as a collaborator than was typical under other circumstances. Specifically,

rather than addressing the entire class in a relatively formal manner, the
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teacher tended to work on an individual basis with student.. Just as
importantly, in the computer-using classes the teachers were much less likely
to initiate teacher-student interactions. Rather, they were kept busy responding
to student requests for assistance, thus shifting control for initiating
teacher-student interactions into the hands of the students.

An increased emphasis on effort in grading. Finally, the utilization of the
computer-tutors also led to potentially important changes in the teachers’
grading practices. Mr. Adams and Mr. Brice, like the other geometry teachers,
usually based the grades they gave upon some formal criteria involving an
objective level of performance on homework assignments, quizzes, tests, and the
like. However, when using the computer-tutor they both made a change.
Specifically, both decided independently to emphasize effort more than they had
previously. Mr. Brice explained it this way.

Interviewer: Did having the computers change the basis on which you

assigned grades at all?

Mr. Brice: Well, I did give them a grade for the lab (computer) work

they did. The control class didn’t get a grade for the lab work

because there wasn’t any lab to work in.

Interviewer: Was it how much they accomplished, or how hard they

worked, or some combination?

Mr. Brice: Probably how much they stayed on task...Breaks here and

there would effect their lab time. It was how much time they spent

on task not necessarily how much they learned.

Since one of the major advantages of the computer-tutor was that it allowed
students to work at their own pace, grading everyone against the same standard

of accomplishment no longer seemed consistent with the way the class was
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structured. It is particularly interesting that Mr. Adams adjusted his grading
system to reflect effort even though he was philosophically opposed to this.

Interviewer: How has the introduction of the computer-tutors changed

the basis on which you assign grades?

Mr. Adams: THIS IS A PROBLEM!!! ...Oh my God, yes, how do I grade

them?

Interviewer: That's what we were wondering. How?

Mr. Adams: I've had to develop a policy... If they came in and

started on the tutor they had a grade of C on the tutor. If they came

in and worked everydayv and made a legitimate effort, they’'d go up to

« B. If they came in and made a half-assed effort they’d go down to

a D. If they came and didn't give a damn at all they'd go down to an

E. If they came in and really knocked their socks off and showed me

that they really cared and learned, and learned, then they’d get an

A....Effort meant a lot more this time. It had to. See, I'll be

honest with you....I just don't buy effort. It just doesn't mean much

to me. It doesn’t. I mean, you need effort...but I'm a geometry

teacher...A college is going to assess a student’s ability according

to that grade... So, I just can’t give a B for effort... This is my

philosophy....I'm trying to be a bottom line so we don’'t sell them

some bill of goods, like...A or B students (who) take the SAT exam and

pop out a 450 combined, which happens all the time in the city... So

that's why this is a little unusual, because effort is going to count.
Interestingly, the chairman of the math department mentioned to our project
staff that he could not evaluate the teachers using the intelligent tutors very

well since those classes were run so differently from ordinary ones and
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different teaching skills were nesded. Thus, the utilization of the tutor raised
questions about both teacher and student evaluation.

Increased effort and involvement. There were also significant changes in
student behavior which accompanied the introduction of the computer-tutor. One
of the most striking changes in the classrooms using the GPTutor was the
increase in student involvement and effort. This change was evidenced by
markedly increased time on task, clear increases in apparent level of
concentration, and the like.? In fact, when asked in the post-use interviews how
using the computer-tutor influenced their behavior, the change most commonly
mentioned by students was an increase in their level of effort. Both of the
teachers utilizing the computer-based tutor also spontaneously mentioned this
increase in student effort in their interviews. It seems reasonable to suggest
that this change may have contributed to the positive impact of the computer-
tutor on students’ ability to do geometry proofs which is discussed elsewhere
(Wertheimer, in press).

Before the arrival of the computer-tutors, and in the control and
comparison classes, it generally took the teacher a few minutes to get the class
settled down and ready for work. Mr. Adams generally started his classes more
promptly and continued them right up to the closing bell more than the other
geometry teachers we observed. However, even students in his classes made it
difficult to use all of the 45 minute class period productively when they were
not using the GPTutor as is evident from the following excerpt from our field
notes.

I (the observer) arrive before the bell (which indicates the start of

class) rings. Kathy, Tim and Debbie are in their seats already. The
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two girls are consulting about their homework...The bell rings. Karen

saunters in and takes her seat. 1Ida comes in after Mr. Adams begins

to ask for homework saying, "Pass it in if you’ve got it..." Rachel

strolls in while Mr. Adams puts the first problem on the board. He

ignores her. Karen says, "Are we almost done with these circle
problems? I hate them." Ida is looking at a postcard which Karen has
shown her. Mr. Adams says, "Ida, put that thing away and pay
attention.” 1Ida looks at the postcard for another 15 seconds or so

and then hands it back to Karen who holds it to her nose and inhales

happily before putting it away. Katy complains, "It’'s so hot in here

today.” Mr. Adams gives the students a problem to work on. Ida and

Rachael remove their jackets.

In many of the control and comparison classes it was not unusual for the
last five or ten minutes to be devoted to socializing. Sometimes the teacher had
simply covered all he wanted to and judged that it did not make sense to start
something new in the time remaining. Another common practice which contributed
greatly to lost instructional time was giving out a "homework" assignment well
before the end of the class period and asking students to work on it in class.
Although the rationale for this practice was that the teacher could help
students with any difficulties they might encounter, many students chose to chat
with friends for 10 or 15 minutes rather than doing this "homework" in class.
Thus, in many classes which did not use the computer-tutors it was common for
a substantial proportion of the students to spend a total of ten to fifteen
minutes a period chatting about sports, clothes, teachers and the like. This
accounted for a substantial proportion of the 45 minute class periods.

Almost immediately after beginning to use the GPTutor, many -students began
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working on their proofs well before the starting bell, a situation virtually
never observed in the control and comparison classes. In addition they
frequently continued working after the bell, also very atypical behavior in
other geometry classrooms. In one extreme case, a fist fight nearly broke out
between one student staying after his class was over to try to finish a proof
and another who arrived early for the next class and wanted to get started on
the same machine. An excerpt from the project’s field notes illustrates the
unusually prompt start of the classes using the computer-tutror.

By the time the bell to start class rings, three-fourths of the

students in class today have problems on the screen and are working

on them. The others (have all logged on and) appear to be waiting for

their problems to appear....I’'m struck by the fact that the students

have started their work without a word from the substitute teacher who

is in charge of class today.

In addition to starting work more promptly and working through the last
minutes of the period, students using the GPTutor also appeared to be more
engrossed in their work than those in the traditional classes. Of course, in
observational work it is difficult if not impossible to get a precise record of
whether students are concentrating since students skilled in the art of
classroom behavior may find many ways to appear to be working when in reality
letting their attention wander. Yet all indications were that the level of
concentration rose. Students often spontaneously mentioned this change in
interviews

Interviewer: How did using the computers change the way you behaved

in class?

Diane: Well, we didn’t talk as much. On the computer you really

17




concentrated on the screen -- didn’'t have time to talk to the person

next to you.

The fact that students made much quicker progress on the proofs than either
of the teachers anticipated suggests that the students were indeed focusing
their attention on the proofs. This increased focus is apparent from field notes
like the following, as well as student and teacher interviews.

The room is extremely quiet now (as students continue to work at the

computers). There are just little beeps (from the machines) every

minute or two. Except for one brief interchange between two white boys
there has literally been no student to student talk in the 15 minutes

of class so far.

Factors contributing to the jncrease in effort and involvement. Since
several sources of evidence all converged to suggest that the computer-tutor
enhanced student effort and involvement, an obvious question that arises is
"Why?" The data suggest several complementary reasons for the change, including
an increase in competition between classmates and an increase in the students’
enjoyment of their work.

As discussed earlier and consistent with other research (Hawkins &
Sheingold, 1986), a change in grading practices followed introduction of the
computer-tutors into the classroom. Specifically, both teachers began to count
effort more than they had, in spite of the fact that one of them was
philosophically opposed to this practice. One possibility is that this accounted
for the students’ increased effort. Yet the evidence suggests that this was not
a ma jor contributing factor. Specifically, only two of the over seventy students
interviewed about how using the GPTutor influenced their grades said they

thought their level of effort on the computer contributed to their grades. A
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few additional students remarked that persistent and unnecessary use of a
software feature called "system select,” which essentially presented the student
with the problem’s solution, would be viewed negatively by their teacher,
although they did not specifically indicate that it would hurt their grades.
Fewer than 10X of the GPTutor students who were asked why the computer-tutor
kept track of all their work (which was done primarily for research purposes)
believed that this record might be used in grading. Instead, they typically said
it would be used to isolate areas in which students needed more help or to see
if students were using the system select feature so much that they would not
learn anything. Thus, overall, the change in the teachers’ grading practices
does not seem to be a major factor accounting for the widespread and striking
increase in the students’ effort and involvement.

Increased competition. A more tenable explanation for the students’
increased effort and involvement was the unusually high level of competition
which developed between students. Although the extent of this increase in
competition varied somewhat from class to class, it was apparent in all the
computer-tutor classes. In fact, in some computer-tutor classes a high
proportion of the relatively infrequent student conversations concerned a
comparison of how many of the available problems the students had completed.

The teachers, students, and observers all noticed the change in the level
of competition. Both Mr. Adams and Mr. Brice remarked on it in interviews.

Mr. Adams: Just listen to them. Just watch them as they're waiting

for a problem to come up. They say, "What problem are you on?, "Where

are you at?", "Oh, you're only there. Oh, I was there two days ago!"

That kind of stuff.

When the students were asked in the post-computer use interviews why they had
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started getting to class early after the arrival of the computer-tutors, roughly
forty percent spontaneously indicated that it was because of the competition.
In addition, when asked directly whether the introduction of the tutors had
changed the level of competition in the classroom students overwhelmingly
responded in the affirmative. Well over two-thirds of the GPTutor-using students
perceived more competition. Comments like the following were common.

Interviewer: Did geometry class seem more or less competitive when

you were using computer-tutors?

Mike: It was more competitive. We went at each other... It was like

we were having a race -- who would get to the end of each chapter in

the book through the computer. I won...because I knew it!

Rather ironically, the very fact that the tutors were designed to let
students progress at their own pace created a situation which fostered
competition between students. In traditionally taught geometry classes students
never have the chance to get far ahead of or behind each other in the way they
can in a class using computer-tutors. All of the geometry teachers we observed
typically began with a brief lecture or a discussion of specific geometry
problems, either newly presented ones or problems from the previous night's
homework. Some students were able to do these problems faster or more accurately
that others, and in that sense the potential for competition existed. However,
since the teachers normally kept the class focussed on a particular problem or
set of problems until they felt most of the class understood what was happening,
the stronger students were not able to move through the curriculum faster than
their peers. They could differ from their peers in the quality of their work but
they could not get substantially ahead. Similarly, although the slower students

sometimes got lost on particular problems, they were soon presented with a
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different one which they had at least some chance of solving. Thus, the daily
situation was not conducive to intense competition since the opportunity for
pulling dramatically ahead of their peers was not there.

In contrast, when students used the computer-tutors some students were able
to progress much faster than others. The faster students were not held back by
their teacher's desire or need to teach to the class as a whole. Neither could
the slower students skip over the problems which gave them difficulty in one
area and hope to do better in another, for the software was organized into a
series of problems which were to be solved in a specified order. The fact that
the problems were numbered and that students were seated close enough to each

other that they could talk without shouting also encouraged the development of

competition because it made it easy for the students to communicate simply and

clearly about exactly how far they had progressed. The kind of interchange
illustrated in the following field notes from Mr. Brice's class was common.

Dan says to Val, who is at the computer next to him, "What number are

you on?" Val replies "Fifty-two." Dan says "Shit, we’re on 41."

Milton...hears this and laughs.

Increased enjovment. Students may have been motivated to work harder when
using the computer-tutor simply because they enjoyed using the computers. The
large majority of students indicated in interviews that using the GPTutor was
more fun than learning conventionally and some specifically linked this
increased enjoyment to an increase in motivation. Prior theory and research
(Malone & Lepper, 1987) suggest the kind of linkage between enjoyment and
motivation implied by Paul’s comments above.

Interviewer: What do you think are the major advantages of using a

computer to help you learn geometryv?
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Paul: If it's fun, it makes you want to learn something! It’s fun!

The students’ increased enjoyment of geometry when using the computer-
tutors had numerous sources. First, many students expressed pleasure at their
relative independence from direct adult control when working on the computer.
Furthermore, there was a strong link in many students’ minds between computers
and playing games which predisposed them favorably to working on computers and
led many of them to work in a productive but playful manner (e.g., seeing who
could take the most steps to complete a proof successfully) in spite of the
competition.

Mr. Brice looks next at Ben and Marcus at the computer next to Andy.

He says, "Whoa, guys. What are you doing there?" Mark says, "We're

making a road map," referring to the very complicated proof graph on

their screen which has resulted in a large array of lines. Mr.

Brice...asks them what they are trying to prove and comments, "Well,

you’ve taken a roundabout way." Marcus says, "Well, we like to get a

lot a steps in there!"

One feature of the software which may have contributed to this sense of playing
while working was a "success sound" which occurred when students completed a
proof. Considerably more important appeared to be the sense of personal
challenge which students felt which is also a characteristic feature, as is
competition, of many games. Numerous students remarked on this sense of
challenge in their interviews.

In addition, rather ironically, students responded positively to the
computers because they felt free to express frustration and anger to them in a
way they could not with a teacher without violating strong norms. Specifically,

it was fairly common for students to tell the computer to shut up, to call it
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names like "stupid fool"” or even to swear at it. In fact, in one class one
student swore at the computer so much that her teacher joked about wiring the
computer so that it would shock her every time she swore at it. Sometimes,
though not often, students would hit or shake the computer or slap the mouse
down very hard in spite of the instructions the teachers had given at the
beginning of the computer use period about the proper treatment of the machines.
This kind of verbal and physical venting of frustration was virtually non-
existent in interactions directed from students to teachers at this school. (Not
surprisingly, it was explicitly forbidden in the Student Handbook.) However,
many students clearly felt free to speak much more freely when dealing with the
machine-based tutors and teachers generally let at least the verbal abuse of the
computer pass as a kind of amusing expression of emotion. The difference in what
is acceptable when students are dealing with the computer and an adult in a
position of authority is made clear in the following field notes.

Tara says "This computer should be shot."” Mr. Adams squats down and

begins explaining the problem to her. Bob says "Shit" to his computer.

Ms. Donavon (who, as part of the staff involved with the field testing

of the computer, assists students with bugs in the program or hardware

failures) overhears him and thinks he said, "Sh," possibly to her

since she’s standing nearby talking to one of his classmates. She

says, looking at Bob, "What was that?" The blood rushes to his face

and he doesn’'t answer. She says to him, "Why are you turning every

shade of red?" Then the light dawns and she says, "It wasn't "sh." It

was..." She then gives a small laugh and Bob looks down at his

terminal and types away industriously.

Another factor contributing to students’ involvement with work on the
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computer and their feeling that it was fun was most likely a sense of being more
comfortable in the computer-tutor classrooms because of a decreased fear of
embarrassment. Students generally agreed that working on the computer-tutors was
less likely to be embarrassing than doing geometry the more traditional way. The
following is typical of the students’ responses to questions about this issue.

Interviewer: Was it more or less embarrassing to make a geometry

mistake when you were using the computers than it was before?

Alice: I think it was less because you were working all by yourself.

If you were answering a question (in a traditionally-structured class)

and you answered it wrong, the whole class would know. When you were

working with the computer, nobody really knows.

In traditionally-structured geometry classes, students are often called
upon to perform before others, as the teacher has them do board work, answer
questions at their seats, and the like. This can be embarrassing for the
students who are behind or just plain lost since their difficulties are often
very public. Even seat work can be embarrassing because teachers commonly
comment on it in a tone clearly audible to the rest of the class, as is apparent
in the following field notes taken by an observer seated in the back of the
classroom.

Students begin working quietly at their seats. Mr. Adams walks

around... He says, "Good," to Sally when he sees her work. He says,

"Wait a minute,"” to Irene and "No, No, No!" to Linda after looking at

her work. He then goes back over and looks at Sally'’s work again and

says, "Wait a minute. Wait a minute, Sally. What’s 180 plus 4?"

Mistakes on the computer-tutor were more likely to be private, since the

computers were placed so that students could not see each other's screens. In
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addition, although the teachers did circulate and make comments on students'’
work at the computer, the fact that students were facing different directions
as well as working on different problems made it less likely that others were
monitoring these comments. Furthermore, the fact that the tutor had a number of
help functions which let the student ask the computer for a review of previous
material or hints on how to do the problem meant that students who were
particularly sensitive about appearing to need assistance had a readily
available non-human source of help. It is interesting to note, and consistent
with our argument, that one of the few features of the computer which drew
frequent criticism from the students was the use of a beeping sound to indicate
a mistake. However, there are two reasons that this beeping may not have been
overly inhibiting. Specifically, beeping could be triggered by things other than .
student errors, and even when a student made an error other students were often
unaware of whose computer had beeped. This freed students to continue working
on the computers even when they were not sure they were correct, rather than
stopping out of fear of making a mistake which would result in a beep.
Summary and Conclusions

In summary, both teachers’ and students’ behaviors appeared to be
influenced in important ways by the utilization of the computer-tutors. Teachers
changed their allocation of time to different kinds of students, began to act
in a somewhat more collegial fashion, and increased their emphasis on effort in
grading students. Students showed a marked increase in task-related effort and
involvement. This change appeared to be created by a wide variety of factors
including a major increase in the amount of peer competition and greater
enjoyment of their geometry classes.

Since artificially-intelligent tutors are still the exception rather than
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the rule in present day classrooms, many readers may wonder about the
implications of this study for understanding the likely impact of more common
kinds of educational software, such as educational games or drill and practice
packages. Because educational software is so varied and much of it differs in
many ways from the software studied here, it is hard to draw any certain
conclusions on this topic. However, we believe this study does have some
implications for those interested in more traditional kinds of CAI programs.

On the issue of whether CAI programs are likely to produce the specific
kinds of changes documented in the classroom using the GPTutor, we would argue
that the likelihood of similar changes is related to the similarity of the
software along certain crucial dimensions. For example, since the increase in
student motivation and effort appeared to be related to, among other things,
a lessened sense of embarrassment at mistakes, one might hypothesize that CAI
programs that encourage the sense that one'’s mistakes are private might be more
conducive to enhancing student effort than those which do not.

One very practical implication of this study for developers and users of
educational software, be it traditional CAI or more advanced ICAI software, is
the importance of looking beyond the obvious questions of whether and how such
software will improve students’ learning. Specifically, much more attention
needs to be given to assessing its actual impact on a broad array of teacher and
student behaviors. For example, the developers of the GPTutor had no idea that
the self-pacing feature would influence teachers' grading practices. Neither,
to our knowledge, has there been much consideration of this issue by most school
systems adopting CAI for classroom use. Yet if the self-pacing characteristic
of many popular CAI programs influences teachers’ grading practices, as it did

those of the teachers using the artificially-intelligent GPTutor, this is an
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issue which merits real attention.

It is becoming clear that students may use both traditional CAI software
and the kind of software studied here in rather different ways than its creators
intended. For example, no one anticipated the playful elaboration of
unnecessarily complicated solutions to proofs which some students engaged in
when using the GPTutor. Although this kind of deviation from expected usage was
constructive, not all deviations were. For example, in a different part of the
broader study on which this paper is based, students were observed using a
computer-based educational game which was supposed to encourage them to learn
through using a variety of reference tools. They played this game for months
before actually using even one of these tools, since they were too excited and
involved in the game to want to bother to interrupt their play to consult these
sources (Schofield, 1989). A study by Hativa, Swisa, and Lesgold (1989) also
demonstrates the slippage between develop.cs’' expectations and actual practice
in CAI software. Specifically, this study demonstrated how a widely used piece
of CAI software designed to encouragc stod.nts to learn mathematics in an
individualized and non-competitive manner actually appeared to encourage
competition. Thus, the study reported here is part of an emerging literature
which suggests the importance of classroom-based field tests of educational
software designed so that they are sensitive to the unexpected.

In conclusion, we would like to emphasize that we do not contend that all
the changes documented in this study will necessarily follow the introduction
of computers, or even the GPTutor software itself, into any and all classroom
environments. Indeed, recent papers have pointed out the futility of thinking
of classroom computer usage as if it were a conceptually satisfying independent

variable (Lepper & Gurtner, 1989; Schofield & Verban, 1988). ‘The effect of
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computer usage will undoubtedly depend on a plethora of factors including the
kind of software used (e.g., drill and practice, simulations, tutoring, etc.),
the kind of students using the software, the social and physical context of the
computer usage, and the ways in which it changes students’ learning experiences.
We have focused on the changes which occurred in the classrooms studied to
indicate that important and often unplanned changes in student and teacher
behavior are likely to occur when new technology is introduced and to suggest
that greater attention needs to be devoted to understanding precisely what these

changes are.

28




References
Anderson, J. R. (1984). Proposal to the Carnegie C .
demonstration and development of a geometry tutor. Unpublished proposal,

Carnegie-Mellon University, Pittsburgh, PA.
Anderson, J. R., Boyle, C. F., & Yost, G. (1985). The geometry tutor.
9 i int
Intelligence (pp. 1-7), Los Angeles.

Anderson, J. R., Boyle, C. F., & Yost, G. (1986). The geometry tutor. Journal
of Mathematical Behavior, 3, 5-19.

Becker, H. J. (1986). Instructional uses of school computexrs. Reports from the
1985 National Survey, Issue 1, Center for Social Organization of Schools, The
Johns Hopkins University, Baltimore, MD.

Becker, H. S., & Greer, B. (1960). Participant observations: Analysis of
qualitative data. In R. N. Adams & J. J. Preiss (Eds.), Human organization
research (pp. 267-289). Homewood, IL: The Dorsey Press.

Bogdan, R. C., & Biklen, S. K. (1982). Qualitative research for education: An
introduction to theory and methods. New York: Allyn & Bacon.

Bogdan, R. C., & Taylor, S. J. (1975). Introduction to qualitative research

Bossert, S. T. (1979). Iasks and socjal relationships ipn the classroom. New

York: Cambridge University Press.

Buckley, W. M. Computers failing as teaching aids: Heralded revolution falls
short due to lack of machines, training. Wall Street Journal, p. 17.

Goetz, J. P., & LeCompte, M. D. (1984). Ethnography and qualitative design in
educational research. New York: Academic Press.

29




Hativa, N., Swisa, S., & Lesgold, A. (1989, March). Competition in traditional
CAI: Motivational, sociological and instructional-design issues. In Andrea
di Sessa (Chair), Computers and classyroom socjal processes. Symposium
conducted at the meeting of the American Educational Research Association,
San Francisco.

Hawkins, J., & Sheingold, K. (1986). The beginning of a story: Computers and
the organization of learning in classrooms. In J. A. Culbertson & L. L.
Cunningham (Eds.), Microcomputers and education. Chicago: The University of
Chicago Press.

Kirk, J., & Miller, M. K. (1986). Reliability and validity in qualitative
research. Beverly Hills, CA: Sage.

Lepper, M. R., & Gurtner, J. L. (1989). Children and computers: Approaching the
twenty-first century. American Psychologist, 44, 170-178.

Lesgold, A. M., & Lesgold, S. B. (1984). (lassroom computers and state
curriculum policy. Unpublished manuscript, University of Pittsburgh.

Malone, T. W., & Lepper, M. R. (1987). Making learning fun: A taxonomy of
intrinsic motivation for learning. In R. E. Snow & M. C. Farr (Eds.),
apalyses. Hillsdale, NJ: Erlbaum.

Miles, M. B., & Huberman, A. M. (1984). Qualitative data analvsis: A souxrcebook
of new methods. Beverly Hills, CA: Sage Publications.

Olson, S. (1976). Ideas and data: Process and practice of social research.
Homewood, IL: The Dorsey Press.

Quality Education Data (1984. January). Microcomputer data. Unpublished raw data
presented to.the Naval Materials Council, Dallas, TX.

Schofield, J. W. (in press). Generalizability in qualitative research. In E.

30




Eisner & A. Peskin (Eds.), Qualitative inquiry in education. New York:

Teachers' College Press.

Schofield, J. W., & Anderson, K. A. (1987). Combining quantitative and
qualitative components of research on ethnic identity and intergroup
relations. In J. S. Phinney & M. J. Rotheram (Eds.), Children’s ethnic
socialization: Pluralism and development (pp. 252-273). Newbury Park, CA:
Sage.

Schofield, J. W., & Verban, D. (1988). Computer usage in the teaching of
mathematics: Issues which need answers. In D. Grouws & T. Cooney (Eds.),
Effective mathematics teaching (pp. 169-193). Hillsdale, NJ: Erlbaum.

Schofield, J. W. (1989, March). Computers and classroom social processes. Paper

presented at the conference on Intelligent Computer-Assisted Instruction,
Orlando.

Sheingold, K., Kane, J., & Endreweit, M. (1983). Microcomputer use in schools:
Developing a research agenda. Harvard Educatjonal Review, 33, 412-432.

Sheingold, K., Martin, M. W., & Endreweit, M. E. (1987). Preparing urban
teachers for the techmological future. In R. D. Pea & K. Sheingold (Eds.),
Mirrors of minds: Patterns of experience in educational computing (pp. 67-
85). Norwood, NJ: Ablex.

Strauss, A. (1987). OQualitative analysis for social scientists. Cambridge:
Cambridge University Press.

Wertheimer, R. (in press). The geometry proof tutor: An "intelligent" computer-

based tutor in the classroom. The Mathematics Teacher.

31




Footnotes

Correspondence should be sent to Dr. Janet Ward Schofield, 816 LRDC
Building, University of Pittsburgh, Pittsburgh, PA 15260. The research reported
here was funded by the author's Contract #N14-85-K-0064 with the Office of Naval
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'For the sake of maintaining the confidentiality of individuals
participating in this research, all names used are pseudonyms.

’Although this phenomena was most obvious in the computer-tutor classes,
positive motivational consequences associated with computer usage were visible
in a great many other settings in the school. (Over 200 hours of observation
were also devoted to these other settings which included business classes in
word processing and accounting, computer science classes, and classes in the

visual arts.)

32




1983/09/05

University of Pittsburgh/Schofield

Dr. Robert Ahlers
Code N711
Human Factors Laboratory

Naval Training Systems Center
Orlando, FL 32813

Dr. Robert M. Aiken

Computer Science Department
038-24

Temple University

Philadelphia, PA 19122

Dr. James D. Baker

Director of Automation and Research
Alien Corporation of America

209 Madison Street

Alexandria, VA 22314

Dr. Meryl S. Baker
Navy Personnel R&D Center
San Diego, CA 92152-6800

Or. Arthur S. Blaiwes

Code N712

Naval Training Systems.Center
Oriando, FL 32813-7100

Dr. Jeff Bonar

Learning R&D Center
University of Pittsburgh
Pittsburgh, PA 15260

LT COL Hugh Burns
AFHRL/IDI
Brooks AFB, TX 78235

Or. Joanne Capper, Director
Center for Research into Practice
1718 Connecticut Ave., N.W.
Washington, DC 20008

Dr. Ruth W. Chabay

CDEC, Hamburg Hall
Carnegie Mellon University
Pittsburgh, PA 15213

Dr. Fred Chang
Pacific Bell

2600 Camino Ramon
Room 35-450

San Ramon, CA 94583

Dr. Stanley Collyer

Office of Naval Technology
Code 222

800 N. Quincy Street
Ariington, VA 22217-5000

Or. Kenneth B. Cross
Anacapa Sciences, Inc.
P.0. Drawer Q

Santa Barbara, CA 93102

Dr. Cary Czichon

Intelligent Instructional Systems
Texas Instruments AI Lab

P.0. Box 660246

Dallas, TX 75266

Brian Dallman

Training Technology Branch
3400 TCHTW/TTGXC

Lowry AFB, CO  80230-5000

Margaret Day, Librarian
Applied Science Associates
P.0. Box 1072

Butlier, PA 16003

Dr. Sharon Derry

Florida State University
Department of Psychology
Tallahassee, FL 32306

Defense Technical
Information Center
Cameron Station, Bldg 5
Alexandria, VA 22314

(12 Copies)

Dr. Thomas M. Duffy

Communications Design
Center, 160 BH

Carnegie-Mellon University

Schenley Park

Pittsburgh, PA 15213

Or. Pierre Duguet

Organization for Economic
Cooperation and Development

2, rue Andre-Pascal

75016 PARIS

FRANCE




1983709705

University of Pittsburgh/Schofield

ERIC Faciiity-Acquisitions

4350 East-West Hwy., Suite 1100

Bethesda, MD 20814-4475

Dr. Debra Evans

Applied Science Associates, Inc.

P. 0. Box 1072
Butler, PA 16003

Or. Beatrice J. Farr
Army Research Institute
PERI-IC

5001 Eisenhower Avenue
Alexandria, VA 22333

Dr. Elizabeth Fennema
Curriculum and Instruction
University of Wisconsin
225 North Mills Street
Madison, WI 53706

Prof. Donald Fitzgerald
University of New England
Department of Psychology
Armidale, New South Wales 2351
AUSTRALIA

Dr. Michael Flaningam
Code S2

NPRDC

San Diego, CA 92152-6800

Dr. J. D. Fletcher

Institute for Defense Analyses
1801 N. Beauregard St.
Alexandria, VA 22311

Dr. Barbara A. Fox
University of Colorado
Department of Linguistics
Boulder, CO 80309

Department of Humanities and
Social Sciences

Harvey Mudd College

Claremont, CA 91711

Dr. Philip Gillis

Army Research Institute
PERI-II

5001 Eisenhower Avenue
Alexandria, VA 22333-5600

Mr. Lee Gladwin
305 Davis Avenue
Leesburg, VA 22075

Mr. Harold Goldstein
University of DC

Department Civil Engineering
Bldg. 42, Room 112

4200 Connecticut Avenue, N.W.
Washington, DC 20008

Dr. Sherrie Gott
AFHRL /MOMJ
Brooks AFB, TX 78235-5601

Dr. T. Govindaray
Georgia Institute of
Technology
Schoo! of Industrial
and Systems Engineering
Attanta, GA 30332-0205

Dr. Dik Gregory

Admiralty Research
Establishment/AXB

Queens Road :

Teddington

Middiesex, ENGLAND TW1]OLN

Michael Habon

DORNIER GMBH

P.0. Box 1420

D-7990 Friedrichshafen |
WEST GERMANY

Dr. Henry M, Halff
Halff Resources, Inc.
4918 33rd Road, North
Arlington, VA 22207

Mr. H. Hamburger

Department of Computer Science
George Mason University
Fairfax, VA 22030

Dr. Chery! Hamel
NTSC, Code 711
Orlando, FL 32813




19839/09/05

University of Pittsburgh/Schofield

Janice Hart
Office of the Chief

of Naval Operations
oP-11142
Department of the Navy
Washington, D.C. 20350-2000

Dr. Wayne Harvey

Center for Learning Technology
Education Development Center
55 Chapel Street

Newton, MA 02160

Dr. James E. Hoffman
Department of Psychology
University of Delaware
Newark, DE 19711

Ms. Julia S. Hough
110 W. Harvey Street
Philadelphia, PA 19144

Dr. Steven Hunka
3-104 Educ. N.
University of Alberta
Edmonton, Alberta
CANADA T6G 265

Mr. Roland Jones
Mitre Corp., K-203
Burlington Road
Bedford, MA 01730

Br. Michael Kaplan

Office of Basic Research
U.S. Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333-5600

Dr. David Kieras

Technical Communication Program
TIDAL Bidg., 2360 Bonisteel Blvd.
University of Michigan

Ann Arbor, MI 48109-2108

Dr. Doris K. Lidtke

Sof tware Productivity Consortium
i880 Campus Commons Drive, North
Reston, VA 22091

Br. Jack Lochhead
University of
Massachusetts
Physics Department
Amherst, MA 01003

Vern M. Malec
NPRDC, Code 52
San Diego, CA  92152-6800

Dr. James McMichael
Technical Director
Navy Personnel R&D Center
San Diego, CA 92152-6800

Or. Arthur Melmed

Computer Arts and
Education Laboratory

New York University

719 Broadway, 12th floor

New York, NY 10003

Dr. Vittorio Midoro
CNR-Istituto Tecnologie Didattiche
Via All'Opera Pia 11
GENOVA-ITALIA 16145

Dr. Jason Milliman
Department of Education
Roberts Hall

Corneil University
Ithaca, NY 14853

Dr. Lynn Misselt

HQM-222

Control Data Corporation
Box O

Minneapolis, MN 55440

Dr. Andrew R. Molnar

Applic. of Advanced Technology
Science and Engr. Education
National Science Foundation
Washington, DC 20550

Dr. William Montague
NPRDC Code 13 g
San Diego, CA 92152-6800




1989709705

University of Pittsburgh/Schofield

Or. William R. Murray
FMC Corporation

Central Engineering Labs
1205 Coleman Avenue

Box 580

Santa Clara, CA 95052

Dr. Haroid F. O'Neil, Jr.

Schoo! of Education - WPH 801

Department of Educational
Psychology & Technology

University of Southern California

Los Angeles, CA  900839-0031

Office of Naval Research,
Code 1142CS

800 N. Quincy Street

Arlington, VA 22217-5000

(6 Copies)

Dr. Judith Orasanu
Basic Research Office
Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333

Dr. Nancy N. Perry

Naval Education and Training
Program Support Activity
Code-047

Building 2435

Pensacola, FL  325038-5000

Dept. of Administrative Sciences
Code 54

Naval Postgraduate School

Monterey, CA 93943-5026

Dr. Joseph Psotka

ATTN: PERI-IC

Army Research Institute
5001 Eisenhower Ave.
Alexandria, VA 22333-5600

Dr. J. Wesley Regian
AFHRL/IDI
Brooks AFB, TX 78235

Dr. Charles M. Reigeluth
330 Huntington Hall
Syracuse University
Syracuse, NY 13244

Mr. Wiiliam A. Rizzo

Code 71

Naval Training Systems Center
Orlando, FL 32813

Dr. Linda G. Roberts

Science, Education, and
Transportation Program

Office of Technology Assessment

Congress of the United States

Washington, DC 20510

Dr. Janet W. Schofield
816 LRDC Building
University of Pittsburgh
3939 O'Hara Street
Pittsburgh, PA 15260

Or. Judith W. Segqal
OERI

555 New Jersey Ave., NW
Washington, DC 20208

Dr. Robert J. Seidel
US Army Research Institute
5001 Eisenhower Ave.
Alexandria, VA 22333

Or. Randal{ Shumaker

Naval Research Laboratory
Code 5510

4555 Overlook Avenue, S.W.
Washington, DC 20375-5000

Dr. Derek Sleeman

Computing Science Department
The University

Aberdeen AB9 2FX

Scotland

UNITED KINGDOM

Ms. Gail K. Slemon
LOGICON, Inc.

P.0. Box 85158

San Diego, CA 92138-5158

Or. Alfred F. Smode -

Code 7A

Research and Deveiopment Dept.
Naval Training Systems Center
Orlando, FL 32813-7100




18989/038705

University of Pittsburgh/Schofield

Dr. Elliot Soloway

Yale University

Computer Science Department
P.0. Box 2158

New Haven, CT 06520

Linda B. Sorisio

IBM-Los Angeles Scientific Center
11601 Wilshire Blvd., 4th Floor
Los Angeles, CA 90025

DOr. Marian Stearns
SRI International
333 Ravenswood Ave.
Room B-5124

Menlo Park, CA 94025

Dr. David E. Stone

Computer Teaching Corrcration
1713 South Neil S.. -t
Urbana, IL 61PZ0

Dr. Perry W. Thorndyke

FMC Corpcration

Central Engineering Labs
1205 Coleman Avenue, Box 580
Santa Clara, CA 385052

Dr. Douglas Towne

Behavioral Technology Labs
University of Southern California
1845 S, Elena Ave.

Redondo Beach, CA 90277

Dr. Frank L. Vicino
Navy Personne! R&D Center
San Diego, CA 92152-6800

Dr. Jerry Vogt

Navy Personnel R3D Center
Code 51

San Diego, CA 92152-6800

Dr. Thomas A. Warm
Coast Guard Institute
P. 0. Substation 18
Oklahoma City, OK 73168

Dr. Beth Warren

BBN Laboratories, Inc.
10 Mouiton Street
Cambridge, MA 02238

Dr. Douglas Wetzel

Code 51

Navy Personnel R&D Center
San Diego, CA 92152-6800

DOr. Barbara White
BBN Laboratories

10 Mouliton Street
Cambridge, MA 02238

Dr. David Wilkins

University of Illinois
Department of Computer Science
1304 West Springfield Avenue
Urbana, IL 61801

Dr. Marsha R. Williams

Applic. of Advanced Technologies
National Science Foundation
SEE/MDRISE

{800 G Street, N.W., Room 635-A
Washington, DC 20550

Or. Robert A. Wisher

U.S. Army Institute for the
Behavioral and Social Sciences

5001 Eisenhower Avenue

Alexandria, VA 22333-5600

Dr. Merlin C. Wittrock
Graduate Schoo!l of Education
UCLA

Los Angeles, CA 90024

Dr. Wallace Wulfeck, ITI

Navy Personnei R&D Center
Code 51

San Diego, CA 392152-6800

Dr. Masoud Yazdani

Dept. of Computer Science
University of Exeter
Prince of Wales Road
Exeter EX44PT

ENGL AND

Dr. Joseph L. Young-
National Science Foundation
Room 320

1800 G Street, N.W.
Washington, DC 20550




1983/09/05

University of Pittsburgh/Schofield

Dr. Uri Zernik

General Electric:

Research & Development Center
Artificial Intelligence Program
PG Box 8

Schenectady, NY 12301




